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In the Claims: 



Please cancel claim 557 without prejudice. 

Listed below is a clean copy of amended claims. A marked-up copy of the amended 
claims is provided in an accompanying document. 



531. (amended) A method of treating a coal formation in situ, comprising: 
providing heat from one or more heaters to aj^east a portion of the formation; 
allowing the heat to transfer from the ontJbx more heaters to a part of the formation; 
controlling a pressure and a temperatuce in at least a majority of the part of the formation, 

wherein the pressure is controlled ^s a fun^K)n of temperature, or the temperature is controlled 
as a function of pressure; 

maintaining the c^troUed pressure of at least about 2.0 bars absolute; and 

producing a mi^pire from th/e formation. 

532. (amended) The maftiod^of claim 531, wherein the one or more heaters comprise at least 
two heaters, and wherein^om*olled su^rposition of heat from at least the two heaters pyrolyzes 
at least some hydrocarh|Dnfflin the parifof the formation. 

533. (amended) The method-OT claim 531, further comprising controlling formation 
conditions, wherein^ontroUing formation conditions comprises maintaining a temperature in the 
part of the formallfon in a pyrolysis temperature range of about 270 °C to about 400 °C. 

534. (ame/ded) The method of claim 531, wherein at least one of the heaters comprises an 
electrical beater. 

535. / (amended) The method of claim 531, wherein at least one of the heaters comprises a 
surface burner. 
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536. (amended) The method 
flameless distributed comb 

537. (amended) The met^ 
natural distributed combi 
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laim 531, wherein at least one of the heaters comprises a 



claim 531, wherein at least one of the heaters comprises a 



539. (amended) The method of clam 531, wherein providing heat from the one or more 
heaters to at least the portionof the Jormation comprises: 

heating a selectedm)lum^V) of the coal formation from the one or more heaters, 
wherein the formation has an ^erage heat capacity (Cv), and wherein the heating pyrolyzes at 
least some hydrocarbons %^e sel^ted volume of the formation; and 

wherein heating e^rgy^^y (Pwr) provided to the selected volume is equal to or less than 
hW^Cv'^PB, wherein ps/s formation bulk density, and wherein an average heating rate (h) of the 
selected volume is ahfeut 10 *^C/day. 



541. (amended) Mie method of claim 531, wherein allowing the heat to transfer from the one 
or more heaters incrgj^es a^hermal conductivity of at least a portion of the part of the formation 
to greater than aboiM}!5"W/(m -C). — 



554. (amended) The methocf of claim 531, wherein the produced mixture comprises a non- 
condensable compone|^Cwl^pein the non-condensable component comprises molecular 
hydrogen, wherein tne n^|&cular hydrogen is greater than about 10 % by volume of the non- 
condensable compon^t/t 2^°C and one atmosphere absolute pressure, and wherein the 
molecular hydrogen is4ess than about 80 % by volume of the non-condensable component at 25 
°C and one atmosphere absolute pressure. 



558. (amended) The method^f cmim 531, further comprising controlling formation 
conditions to produce a mixture J^ondensable hydrocarbons and H2, wherein a partial pressure 
of H2 in the mixture is greater th/^^out 0.5 bar. 
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560. (amendedyyhejtnethod of claim 531, further comprising altering a pressure inTiTe~ 
formation to inhix)^ pj^duction of hydrocarbons from the formation having carbon numbers 
greater than abouif 25. 



562. (amended) The ratmod of claim 531, further comprising: 

providing hydroge^^2) to the part of the formation to hydrogenate hydrocarbons in the 
part of the formation; and 

heating aportion ofjlie-part of the formation with heat from hydrogenation. 



564. (amended) The methpd-o/ claim 531, wherein allowing the heat to transfer increases a 
permeability of a majorityyof the /art of the formation to greater than about 100 millidarcy. 

565, (amended) The meftft6d ol^claim 531, wherein allowing the heat to transfer increases a 
permeability of a majority/f the part of the formation such that the permeability of the majority 
of the part of the formation is substantially uniform. 




568. (amended) The method of claim 531, furtttir comprising providing heat from heaters to 
at least a portion of the forrnation, wherein the Maters are located in the formation in a unit of 
heaters, and wherein the unit of heaters coim)rKes a triangular pattern. 




569. (amended) The method of ^im 5/1, further comprising providing heat from heaters to 
at least a portion of the formatioiC ivher^ the heaters are located in the formation in a unit of 
heaters, wherein the unit of heaterS co^rises a triangular pattern, and wherein a plurality of the 
units are repeated over an area of tfteJormation to form a repetitive pattern of units. 



570. (amended) A method of rfeah^ga^oal formation in situ, comprising: 

providing heat from on/ or more heaters to at least a portion of the formation; 
allowing the heat to tmnsfer from the one or more heaters to a part of the formation to 

raise an average temperatuip in the part of the formation to, or above, a temperature that will 

pyrolyze hydrocarbons in/he part of the formation; 
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producing a mixture from the fonaa^on; and 

controlling API gravity of th^rodCiced mixture to be greater than about 25 degrees API 
by controlling average pressure an^ avemge temperature in the part of the formation such that the 
average pressure in the part of the formation is greater than the pressure (p) set forth in the 
following equation for an assessed^erage temperature (T) in the part of the formation: 

f_ ^[-44000IT-^67] 



where V mpasmrpfl in p<;i'a anrj/T k measnrpH in Kelvin. 



573. (amended) The method of claim 57Qf wherein the one or more heaters comprise at least 
two heaters, and wherein superposition of Jfieat from at least the two heaters pyrolyzes at least 
some hydrocarbons in the part of the formation. 

574. (amended) The method/^ clafci 570, wherein controlling the average temperature 
comprises maintaining a te^eratujfe in the part of the formation in a pyrolysis temperature range 
of about 270 °C to abou/^00 °C. 

575. (amended) The i^et^^ of claim 570, wherein at least one of the heaters comprises an 
electrical heater. 

576. (amended) The^e\^o^f claim 570, wherein at least one of the heaters comprises a 
surface burner. 

577. (amended) ^he method of claim 570, wherein at least one of the heaters comprises a 
flameless distribulled combustor. 



578. (amend/d) The method of claim 570, wherein at least one of the heaters comprises a 
natural distrihnted combustor. 



6 



Inventors: Stegemeier et al. 
AppL Sen No.: 09/841,430 
Atty. Dckt. No.: 5659-09600 

579. (amended) The method of claim 4^0, further comprising controlling a temperature in at 
least a majority of the part of the formatiln, wherein the pressure is controlled as a function of 
temperature, or the temperature is controlled as a function of pressure. ^ 




581. (amended) The method of c\mm 570, wherein providing heat from the one or more 
heaters to at least the portion of the formation comprises: 

heating a selected volume (Woi the coal formation from the one or more heaters, 
wherein the formation has an average heat capacity (Cv), and wherein the heating pyrolyzes at 
least some hydrocarbons in th/ selected volume of the formation; and 

wherein heating enemy/cpy CPwr) provided to the selected volume is equal to or less than 
/i*y*Cv*/?B, wherein pb \\f^nnA\ofhu\\i density, and wherein an average heating rate Qi) of the 
selected volume is about 10 ""(//^y. 



583. (amended) The meMifcd of clami 570, wherein allowing the heat to transfer from the one 
or more heaters increases a tmermal jSonductivity of at least a portion of the part of the formation 
to greater than about 0.5 W|(m^ 



I 




595. (amended) The npthod of claim 570, wherein the produced mixture comprises a non- 
condensable component,|wherein the non-condensable component comprises molecular 
hydrogen, wherein the rnolecular hydrogen is greater than about 10 % by volume of the non- 
condensable componeiii at 25 °C and one atmosphere absolute pressure, and wherein the 
molecular hydrogen isvless than about 80 % by volume of the non-condensable component at 25 
°C and one atmosphere absolute pressure. 



^ 598. (amended) ii he method of claun 570, further comprising controlling formation 

conditions to produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure 
of H2 in the mixtile is greater than about 0.5 bar. 
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600. (amended) The method of claim 570, furtW^r comprising altering a pressure in the 
formation to inhibit production of hydrocarbons f/om the formation having carbon numbers 
^..^ater than abouL2S== 




602. (amended) The method of claim 570, farther comprising: 

providing hydrogen (H2) to the part of jne formation to hydrogenate hydrocarbons in the 
part of the formation; and 

heating a portion of the part of the foAnation with heat from hydro^ejaation. 



604. (amended) The method of claim 513, wherein allowing the heat to transfer increases a 
permeability of a majority of the par^f thfe formation to greater than about 100 millidarcy. 

605. (amended) The methodpf claini/570, wherein allowing the heat to transfer increases a 
permeability of a majority of tpe part of die formation such that the permeability of the majority 
of the part of the formation is sutstanually uniform. 



608. (amended) The method of 570, fuMher comprising providing heat from heaters to 
at least a portion of the formation^/merein the^eaters are located in the formation in a unit of 
heaters, and wherein the unit of heaters comprises a triangular pattern. 

60/ (amended) The method m claim 570, further comprising providing heat from heaters to 
at least a portion of the formatiofi, wherein the heaters are located in the formation in a unit of 
heaters, wherein the unit of heaters comprises a triangular pattern, and wherein a plurality of the 
units are repeated over an are^of the formation to form a repetitive pattern of units. 



610. (amended) A methofl of treating a coal formation in situ, comprising: 

providing heat to atAeast a portion of a coal formation such that a temperature (7) in a 

substantial part of the headed portion exceeds 270 and hydrocarbons are pyrolyzed in the 

heated portion of the formation; 

controlling a pressure (p) in at least a substantial part of the heated portion of the 
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formatic 



J(-A/T) + B'-2.6744] . 



lerem pbar > e ' 

whVrein p is the pressure in bar absolute and T is the temperature in Kelvin, and A and B 
are parameters that are larger than 10 and are selected in relation to the characteristics and 
composition W the coal formation and on the required olefin content and carbon number of the 
pyrolyzed hyarocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 



623. (amende^ A method of treating a coal formation in situ, comprising: 

providing Neat from one or more heaters to at least a portion of the formation; 
allowing theyieat to transfer from the one or more heaters to a part of the formation to 

raise an average tempbrature in thwart of the formation to, or above, a temperature that will 

pyrolyze hydrocarbonain th^^art of the formation; 
producing a mix^t fror)>4he formation; and 

controlling a weijM<^ercentage of olefins of the produced mixture to be less than about 
20 % by weight by CQm"o\ling avejagg^ressure and average temperature in the part of the 
formation such th^ime a^^^^ge pressure in the part of the formation is greater than the pressure 
(p) set forth in the^lgJKJwinl equation for an assessed average temperature (T) in the part of the 
formation: 

p _ ^[-57000/7 + 83] 



where p is measured in psia anM T is measured in Kelvin. 



665. (amended) A method of seating a coal formation in situ, comprising: 

providing heat from one omnore heaters to at least a portion of the formation; 

allowing the heat to transfer from the one or more heaters to a part of the formation to 

raise an average temperature in theXpart of the formation to, or above, a temperature that will 

pyrolyze hydrocarbons in the part of tfte formation; 
producing a mixture from the fobnation; and 

controlling hydrocarbons havinglcarbon numbers greater than 25 of the produced mixture 
to be less than about 25 % by weight by VontroUing average pressure and average temperature in 
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the part of the formation such that the average pressure In the part of the formation is greater than 
the pressure (p) set forth in the following equation for ^ assessed average temperature (T) in the 
part of the formation: 

p ^ ^[-14000/Tf25J 

where p is measured in psia and T is measured in Kewin. 

666*^^ (amended) The method of claim 665, whe/ein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture are contplled to be less than about 20 % by weight, and 
wherein the equation is: 

p _ J[-16000/T + 28] 



667. (amended) The method of clajfo 6( 
greater than 25 of the produced mixjlire ai 
wherein the equation is: 



!, wherein the hydrocarbons having carbon numbers 
controlled to be less than about 15 % by weight, and 

[J8000fT + 32] 



668. (amended) The method of c/aim 665, wherein the one or more heaters comprise at least 
two heaters, and wherein superposftion of heat from at least the two heaters pyrolyzes at least 
some hydrocarbons in the part of /he formation. 

669. (amended) The methojf of claim 665, wherein at least one of the heaters comprises an 
electrical heater. 

670. ^ (amended) The m^hod of claim 665, wherein at least one of the heaters comprises a 
surface burner. 



671. (amended) Thl method of claim 665, wherein at least one of the heaters comprises a 
flameless distributedicombustor. 
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672. (amended) The method of claim 665, whereiy at least one of the heaters comprises a 
natural distributed combustor. 



/ 



673. (amended) The method of claim 665, further comprising controlling a temperature in at 
least a majority of the part of the formation, whdrein the pressure is controlled as a function of 
temperature, or the temperature is controlled ay a function of pressure. 

674. (amended) The method of claim 673? wherein controlling the temperature comprises 
maintaining a temperature in the part of th^formation in a pyrolysis temperature range of about 
270 °C to a bout 400 °C 

676. (amended) The method of jflainjf^65, wherein providing heat from the one or more 



heaters to at least the portion of tlfetto^^tion comprises: 

heating a selected volume (\\ g)f the c/al formation from the one or more heaters, 



wherein the formation has an averaganeat c/pacity (Cv), and wherein the heating pyrolyzes at 
least some hydrocarbons in the seleetad vofume of the formation; and 

wherein heating energy/da;w (Fwr) provided to the selected volume is equal to or less than 
/i* V'*Cv*>95, wherein pB is formation bulk density, and wherein an average heating rate (h) of the 
selected volume is about 10 °C/day. 



fl^ 678. (amended) The metho^ of claim 665, wherein allowing the heat to transfer from the one 
or more heaters increases a thermal conductivity of at least a portion of the part of the formation 
to greater than about 0.5 W/fc 



690. (amended) The m^hod of claim 665, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises molecular 
hydrogen, wherein the nplecular hydrogen is greater than about 10 % by volume of the non- 
condensable componem at 25 °C and one atmosphere absolute pressure, and wherein the 
molecular hydrogen isfless than about 80 % by volume of the non-condensable component at 25 
°C and one atmosphe/e absolute pressure. 
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693. (amended) The method of claim 665, further comprising controlling formation 
conditions to produce a mixture of condensable |(ydrocarbons and H2, wherein a partial pressure 
of H2 in the mixture is greater than about 0.5 ba 



695. (amended) The method of claim 665^further comprising altering a pressure in the 
formation to inhibit production of hydrocarj^ons from the formation having carbon numbers 
greater than about 25. 

696. (amended) The method o¥c\d\nlj665, further comprising: 
providing hydrogen (H^ to th^part of the formation to hydrogenate hydrocarbons in the 

part of the formation; and 

^heating a portion of/he part qf the formation with heat from hydrogenation. 




.1 



^ 698. (amended) The metHod ofMaim 665, wherein allowing the heat to transfer increases a 
permeability of a majority of me/part of the formation to greater than about 100 millidarcy. 



702. (amended) The method di claim p65, further comprising providing heat from heaters to 
at least a portion of the formatiQ(Q,\h^in three or more of the heaters are located in the 

ifi) formation in a unit of heaters, md wherein the unit of heaters comprises a triangular pattern. 

703. (amended) The method of claim 665, further comprising providing heat from heaters to 
at least a portion of the formation, wherein the heaters are located in the formation in a unit of 
heaters, wherein the unit of meaters comprises a triangular pattern, and wherein a plurality of the 
units are repeated over an area of the formation to form a repetitive pattern of units. 



704. (amended) A mathod of treating a coal formation in situ, comprising: 

providing heat from one or more heaters to at least a portion of the formation; 
allowing the he|at to transfer from the one or more heaters to a part of the formation to 

raise an average temperature in the part of the formation to, or above, a temperature that will 
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pyrolyze hydrocarbons in the part of the formation; 
producing a mixture from the form^ion; and 

controlling an atomic hydrogen to carbon ratio of the produced mixture to be greater than 
about 1.7 by controlling average pressure/and average temperature in the part of the formation 
such that the average pressure in the partfof the formation is greater than the pressure (p) set forth 
in the following equation for an assessed average temperature (T) in the part of the formation: 

^[-38000/7 +61] 



where p is measured in psia and Tyg^rpeasured in Kelvin. 



5150. (amended) The method of claim 623, wherein the one or more heaters comprise at least 
two heaters, and wherein superposition of heat from at least the two heaters pyrolyzes at least 
some hydrocarbons in thwart of me formation. 

5151. (amended) The mei^odjof claim ^3, wherein at least one of the heaters comprises an 
electrical heater. 

5152. (amended) The meth^^of cljfim 623, wherein at least one of the heaters comprises a 
surface burner. 

5153. (amended) The mefhod of claim 623, wherein at least one of the heaters comprises a 
flameless distributed comBustor. 

5154. (amended) The method of claim 623, wherein at least one of the heaters comprises a 
natural distributed combustor. 



5155. (amended) Tne method of claim 704, wherein the one or more heaters comprise at least 
two heaters, and wherein superposition of heat from at least the two heaters pyrolyzes at least 
some hydrocarbons in the part of the formation. 
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5156. (amended) The method of claim 704, whejiein at least one of the heaters comprises an 
electrical heater. 

5157. (amended) The method of claim 704, ^herein at least one of the heaters comprises a 
surface burner. 



5158. (amended) The method ^f claim 7p4, wherein at least one of the heaters comprises a 
flameless distributed combust 

5159. (amended) The njethod of clai^ 704, wherein at least one of the heaters comprises a 
natural distributed combfistor. 



5160. (amended) The meth®dfof Jaim 704^rther comprising controlling a temperature in at 
least a majority of the part of Me fprmation/vherein the pressure is controlled as a function of 
temperature, or the temperatu/ai/ controUW as a function of pressure. 



5161. (amended) The methodf of claim 5155, wherein controlling the temperature comprises 
maintaining a temperature in ^e part of the formation in a pyrolysis temperature range of about 
270 °C to about 400 °C. 
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5163. (amended) The memod of claim 704, wherein providing heat from the one or more 
heaters to at least the portion of the formation comprises: 

heating a selectedpolume (V) of the coal formation from the one or more heaters, 
wherein the formation Ms an average heat capacity (C^), and wherein the heating pyrolyzes at 
least some hydrocarboi/s in the selected volume of the formation; and 

wherein heatirig energy/day (Pwr) provided to the selected volume is equal to or less than 
h^V^Cv'^PB, wherein ©5 is formation bulk density, and wherein an average heating rate (h) of the 
selected volume is apout 10 ''C/day. 
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5165. (amended) The method of claim 704, wherein allowing the heat to transfer from the one 
or more heaters increases a thermal conductivi||^ of at least a portion of the part of the formation 
to greater than about 0.5 W/(m ^C). 




5177. (amended) The method of claim 70m wherein the produced mixture comprises a non- 
fj^^ condensable component, wherein the non-^ndensable component comprises molecular 

hydrogen, wherein the molecular hydrogems greater than about 10 % by volume of the non- 
condensable component at 25 °C and onejatmosphere absolute pressure, and wherein the 
molecular hydrogen is less than sbo^8(^ % by volume of the non-condensable component at 25 
°C and one atmosphere absolu t^res su^ 



^ 5180. (amended) The metlrod of cldim 704, further comprising controlling formation 
^ conditions to produce a miMW of gjondensable hydrocarbons and H2, wherein a partial pressure 
of H2 in the mixture is greater trbnyabout 0.5 bar. 



5182. (amended) The method oflclaim 71)4, further comprising altering a pressure in the 
^ formation to inhibit production 01 hy^^ro^rbons from the formation having carbon numbers 

greater than about 25. 

5183. (amended) The method! of claim 704, further comprising: 
providing hydrogen (^2) to the part of the formation to hydrogenate hydrocarbons in the 

part of the formation; and 

heating a portion of rihe part of the formation with heat from hydrogenation. 



5185. (amended) The melhod of claim 704, wherein allowing the heat to transfer increases a 
permeability of a majority pf the part of the formation to greater than about 100 millidarcy. 

5186. (amended) The niethod of claim 704, wherein allowing the heat to transfer increases a 
permeability of a majoriti^ of the part of the formation such that the permeability of the majority 
of the part of the formation is substantially uniform. 
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